Introduction
============

Obesity has been associated with increased risk not only for cardiovascular disease, diabetes, and hypertension, but also for malignant disease in various organs.[@b1-ceg-4-257] A positive association has been reported between adiposity, particularly central adiposity, and colon cancer.[@b1-ceg-4-257]--[@b3-ceg-4-257] As obesity influences insulin status, it is hypothesized that colon neoplasia is through insulin resistance and insulin-like growth factors.[@b4-ceg-4-257]

Considering that colorectal adenomatous polyps are recognized as precancerous lesions, a possible association with obesity has been explored in previous studies with controversial results. Adiposity and/or central adiposity parameters have been associated with increased risk of adenoma in some studies[@b5-ceg-4-257]--[@b8-ceg-4-257] but not in others.[@b9-ceg-4-257]--[@b11-ceg-4-257] Given that adenomatous polyps are common, but only a minority progress to high dysplasia and cancer, the role of adiposity in this process is also unknown.

In recent years adipose tissue has been increasingly viewed not only as a storage organ but also as an active organ that produces a variety of proteins with various actions. Adipocytokines -- adipose tissue-derived proteins -- including leptin, tumor necrosis factor alpha, resistin, and adiponectin, have an active role in energy homeostasis and have been linked to many aspects of the metabolic syndrome in many recent human and animal studies.[@b12-ceg-4-257]--[@b16-ceg-4-257] Increasing evidence suggests that adiponectin plays an important role in the pathophysiology of the metabolic syndrome and that its levels correlate inversely with body mass index (BMI), plasma triglyceride levels and fasting insulin concentration.[@b12-ceg-4-257]--[@b15-ceg-4-257] Recent data have also revealed that adiponectin probably interferes with immunity and carcinogenesis.[@b16-ceg-4-257]--[@b19-ceg-4-257]

The aim of this study was to explore any association between obesity factors, including serum adiponectin levels and the presence of colorectal adenoma, as well as the site and presence of advanced lesion in a large number of patients undergoing colonoscopy.

Patients and methods
====================

All patients included in this study underwent colonoscopy in the authors' department between May 2010 and December 2010. Colonoscopy was performed by two experienced gastro-enterologists during a voluntary health check-up or for other indications -- mainly because of occult or overt fecal blood loss or a change in bowel movement habits. Bowel preparations were carried out using 4 L of polyethylene glycol solution (Klean-Prep, Kite Hellas, Athens, Greece). Patients with polyps underwent polypectomy and a histological examination for each polyp was obtained. Among multiple polyps the highest dysplasia was considered. A polyp was categorized as proximal when localized in cecum, ascending and transverse colon, and distal in descending, sigmoid colon and rectum. Advanced adenoma was defined as an adenoma more than 10 mm in diameter and/or with high-grade dysplasia and/or containing villous component (at least 25% villous).

Patients with invasive colorectal cancer detected during colonoscopy and patients with previous colectomy or polypectomy were excluded from the analysis. Patients with other malignancies or active systematic disease, as well as those under dietary or drug treatment for diabetes mellitus, were also excluded.

Anthropometric data, including body weight, height, body mass index (BMI) and waist circumference, were recorded.

Venous blood samples were collected after an over-night fast to determine the serum levels of glucose, insulin, C-peptide, cholesterol, triglyceride, high-density lipoprotein (HDL), and low-density lipoprotein (LDL). Insulin resistance was calculated by the homeostatic metabolic assessment -- insulin resistance (HOMA-IR) method as follows: HOMA-IR = fasting plasma insulin × fasting plasma glucose/405, whereas insulin is expressed in microunits/mL and glucose in mg/d.

Venous blood for the assessment of plasma concentration of adiponectin was drawn from all subjects after overnight fasting. Serum adiponectin levels were measured with radioimmunoassay (Human Adiponectin RIA Kit; Linco^®^ Research, Inc, St Charles, MO).

This study protocol was approved by the University Faculty of Medicine Ethical Committee. Written, informed consent was obtained in advance from all subjects.

Differences of age, gender, fasting glucose, insulin concentration, HOMA-IR, BMI, waist circumference, and plasma adiponectin levels between patients with adenoma and controls were assessed. Continuous variables were expressed as mean ± standard deviation and were compared using Student's *t*-test. Categorical variables were expressed as percentages and differences between groups were tested for significance by using the chi-square test. All analyses were conducted by using statistical software (SPSS v 16.0; IBM Corp, Armonk, NY).

Results
=======

Two hundred and six consecutive patients, 119 males and 87 females, with a mean age of 64.7 ± 10.5 years, were enrolled in the study. Colorectal adenoma was detected in 68 patients (33%). The histology was that of tubular adenoma in 38 patients and tubulovillous or villous in 30 patients.

Twenty-one patients (10.2%) had at least one proximal polyp, 41 patients had one polyp, while in 27, two or more adenomas were detected. The size of the largest adenoma was ≤10 mm in 40 patients and \>10 mm in 28 patients, as can be seen in [Table 1](#t1-ceg-4-257){ref-type="table"}.

The two groups were comparable. Age was not significantly different between the patients with and without colorectal adenoma (65.8 ± 11 years vs 64.5 ± 10.1 years). Moreover, no difference was observed in gender between the patients and the controls (38/68 vs 81/138 males).

No statistically significant difference was observed in BMI, waist circumference, fasting plasma glucose concentration, insulin, HOMA, cholesterol, LDL, HDL, and triglycerides between the two groups. In addition, plasma adiponectin was not different: 11.1 ± 6 μg/mL in patients with adenoma, 10.2 ± 7.8 μg/mL in controls (*P* = 0.41).

In addition, no significant difference in any parameter was found between patients with advanced adenoma and no advanced adenoma ([Table 1](#t1-ceg-4-257){ref-type="table"}). Furthermore, no statistically significant difference was observed in any parameter between patients with proximal or distal adenomas ([Table 2](#t2-ceg-4-257){ref-type="table"}).

Discussion
==========

Adiposity has been correlated with colon cancer in previous studies. The association was strong for men but only weak for women.[@b3-ceg-4-257] In another study, only central adiposity and no other body size measures were associated with colorectal cancer risk.[@b2-ceg-4-257] In recent years an inverse correlation has been shown to exist between serum adiponectin levels and presence of colorectal carcinoma.[@b20-ceg-4-257]--[@b22-ceg-4-257] It is not known whether the lower adiponectin levels result from weight changes and deranged metabolism or if adiponectin has a causative role per se. The mechanisms of possible adiponectin action have not yet been elucidated, but a variety of mechanisms has been postulated. Adiponectin might prevent carcinogenesis by inhibition of neovascularisation through antiangiogenetic mechanisms, suppression of tumor growth, and induction of apoptosis in various types of cancers.[@b23-ceg-4-257],[@b24-ceg-4-257]

As the majority of colorectal cancers derive from adenomas, a possible association might be due either to increased risk of adenoma formation in obese patients or to increased probability of progression of adenomas in these patients.

In this study, no association was found between adiposity factors and the presence of colorectal adenomas in patients. Moreover, serum adiponectin levels were not different between patients with adenoma and controls. No correlation was found between any adiposity factor and the site of adenoma (proximal vs distal). In previous studies, adiposity as well as serum adiponectin levels have been correlated with the presence of adenoma. Fukumoto et al observed in patients with adenomatous polyps slightly lower serum adiponectin than in controls.[@b25-ceg-4-257] A positive association between a variety of adiposity factors and adenomas has also been observed by other researchers.[@b26-ceg-4-257]--[@b29-ceg-4-257] However, no association was found in other studies.[@b21-ceg-4-257],[@b30-ceg-4-257] The former studies were mainly from Japan and Korea whereas the latter were from Western countries. Patients from the Far East were younger (mean age 48--58 vs 56--63 years) and with lower BMI (mean BMI 22.8--23.7 vs 25.8--27) compared with patients from the West. Probably other factors, for example, diet, play a role in colorectal cancer carcinogenesis and not adiposity per se. In an experimental study, Fujisawa et al observed a significant increase in cell proliferative activity in the colonic epithelium of adiponectin-deficient mice when compared with wild-type mice fed a high-fat diet; however, no difference was observed between wild-type and adiponectin-deficient mice fed a basal diet.[@b31-ceg-4-257] Also, genetic factors may contribute to the development and/or progression of a colorectal adenoma and the prevalence of these factors varies among different populations.

In a previous study, Sedjo et al found that weight gain was more strongly associated with the risk of colorectal adenoma than adiposity parameters at times more distant from the time of colonoscopy.[@b32-ceg-4-257] Moreover, no association was found between serum adiponectin and adenoma recurrence in a prospective study where a large number of patients were followed up over a 4-year period.[@b33-ceg-4-257] In contrast, recurrence was correlated with serum homocysteine concentrations and a diet high in fat and low in fiber.[@b33-ceg-4-257] These studies point out the role of current diet and body weight changes in the development and progression of colorectal tumors.

It is known that only a percentage of colorectal adenomas progress to advanced lesions and a very small percentage to cancer and this process takes several years, usually one to two decades. This study divided patients with adenomatous polyps into two groups: (1) those with severe dysplasia and/ or villous component and (2) those without. No difference was found between patients with advanced adenoma and those with nonadvanced adenoma.

Similar results were found in a study by Kumor et al, where no difference in the level of adipokines in serum was observed between patients with high-grade and low-grade dysplastic polyps.[@b30-ceg-4-257] Also, Nakajima et al did not find any correlation between adiponectin and size of adenoma.[@b26-ceg-4-257] However, positive association has been found between adiposity and presence of advanced tumors in other studies, where patients with advanced lesions presented even lower serum levels of adiponectin.[@b26-ceg-4-257],[@b28-ceg-4-257] In some studies, adiponectin levels were even lower in patients with colorectal cancer than patients with adenoma.[@b21-ceg-4-257],[@b29-ceg-4-257],[@b30-ceg-4-257] Decreased serum adiponectin is probably not involved in the development of colorectal cancer but results secondary to the derangements that occur during the development and progression of colon cancer. This has not been studied in patients with colorectal cancer, but Ishikawa et al observed that serum adiponectin concentration was inversely correlated with tumor size and Tumor-Nodes-Metastasis Classification of Malignant Tumours stage in patients with gastric cancer.[@b34-ceg-4-257]

In conclusion, this study found that presence of colorectal adenoma is not correlated with any adiposity factor. However, further prospective studies on large patient populations from various countries with different diets and habits are needed to detect possible minor differences in any parameter and their association with colorectal adenoma.
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###### 

Characteristics of participants without adenoma versus those with no advanced and advanced adenoma

                             Patients without adenoma (N = 138)   No advanced adenoma (N = 22)   Patients with advanced adenoma (N = 46)
  -------------------------- ------------------------------------ ------------------------------ -----------------------------------------
  Age (years)                63.5 ± 10.1                          65.1 ± 12.0                    66.2 ± 10.7
  Male/female                81/57                                12/10                          26/20
  Smoker (%)                 42 (30.4)                            7 (31.8)                       12 (26.1)
  Drinker\* (%)              34 (24.6)                            5 (22.7)                       13 (28.3)
  Body weight (kg)           76.7 ± 13.7                          73.2 ± 9.1                     75.6 ± 14.1
  Waist circumference (cm)   99.9 ± 10.9                          99.3 ± 8.4                     99.2 ± 12.2
  BMI (kg/m^2^)              27.4 ± 4.7                           26.4 ± 3.1                     27.1 ± 4.2
  Glucose (mg/dL)            100.4 ± 26.7                         96.2 ± 12.3                    102.6 ± 20.5
  Cholesterol (mg/dL)        197.8 ± 41                           204.2 ± 46.8                   201.5 ± 46
  LDL (mg/dL)                116.3 ± 32.9                         120.5 ± 38.9                   112.7 ± 39.5
  HDL (mg/dL)                52.2 ± 14.3                          52.7 ± 11.9                    53.2 ± 16.5
  Triglycerides (mg/dL)      138.8 ± 52.1                         146.4 ± 54.2                   122.9 ± 54.1
  Insulin (μU/dL)            5.9 ± 3.6                            5.8 ± 4.6                      7.1 ± 5.4
  C-peptide (ng/mL)          2.4 ± 1.1                            2.5 ± 1.7                      2.8 ± 1.3
  HOMA                       1.1 ± 0.7                            1.0 ± 0.6                      1.3 ± 1.3
  Adiponectin (μg/mL)        10.2 ± 7.8                           10.9 ± 5.6                     11.2 ± 6.3

**Note:** \*Drinker was defined as drinking more than one drink per day.

**Abbreviations:** BMI, body mass index; HDL, high-density lipoprotein; HOMA, homeostatic metabolic assessment; LDL, low-density lipoprotein.

###### 

Characteristics of participants with proximal versus distal adenoma

                             With proximal adenoma (N = 21)   With distal adenoma (N = 47)
  -------------------------- -------------------------------- ------------------------------
  Age (years)                65.1 ± 11.4                      66.6 ± 10.8
  Male/Female                9/13                             22/24
  Body weight (kg)           74.1 ± 10.1                      74.4 ± 13.8
  Waist circumference (cm)   98.7 ± 11.5                      99.1 ± 11.6
  BMI (kg/m^2^)              26.4 ± 3.3                       27.1 ± 4.1
  Glucose (mg/dL)            98.6 ± 18.6                      102.1 ± 18.2
  Cholesterol (mg/dL)        207.4 ± 62.6                     204.4 ± 45.1
  LDL (mg/dL)                128.4 ± 46.2                     111.3 ± 40.6
  HDL (mg/dL)                50.2 ± 17.2                      53.3 ± 14.5
  Triglycerides (mg/dL)      148.2 ± 65                       124.7 ± 54.7
  Insulin (μU/mL)            6.3 ± 3.6                        6.9 ± 6.3
  C-peptide (ng/mL)          2.9 ± 1.7                        2.7 ± 1.3
  HOMA                       0.9 ± 0.5                        1.3 ± 1.2
  Adiponectin (μg/mL)        11.7 ± 8.3                       10.8 ± 5.0

**Abbreviations:** BMI, body mass index; HDL, high-density lipoprotein; HOMA, homeostatic metabolic assessment; LDL, low-density lipoprotein.
